Abstract The most cost-effective test is fine needle aspiration cytology (FNAC). Many surgeons use intraoperative frozen section to confirm the FNAC findings and to guide the extent of thyroid surgery. Though it is a valuable tool in the diagnosis of the thyroid lesion and determining the extent of thyroid surgery, still in certain cases diagnosis can be incorrect or inconclusive, so histopathology of the excised specimen remains the most reliable test. The purpose of this study will be to compare the result attained by FNAC and frozen section of the thyroid to the final histopathological diagnosis, in order to establish their role in thyroid surgery today. A retrospective study with a total of 140 patients who underwent thyroid surgery at the ENT department, of a tertiary hospital in coastal Karnataka. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were calculated for FNAC and frozen section. The sensitivity, specificity, positive predictive rate, and negative predictive rate of frozen section was found to be 66.7%, 88.4%,76.6%, 82.4% respectively for detecting malignancy. This was found to be higher than the results of FNAC for the same which were 64.4%, 77.8%, 64.4%, 77.8% respectively. As the sensitivity of FNAC is similar to frozen section in detecting malignant cases, FNAC is a good tool for screening the patient for determining malignancy in thyroid, but frozen section is more specific in confirming the malignancy.
Introduction
Thyroid swellings are very common in the general population, affecting women more commonly than men. According to recent population studies conducted in South India, thyroid swellings are so common that they can be clinically detected in 12% of adults [1] . Thyroid glands' superficial location makes it easily amenable to direct physical examination, Fine Needle Aspiration, and surgical biopsy. Thyroid swellings can be attributed to a wide variety of etiologies, most of which may be benign in nature. However, the aim of appropriate investigations and management is not only to evaluate for the cause of the swelling but more importantly, to rule out malignancy of the thyroid gland [2] .
The importance of classification of thyroid swellings into benign and malignant swellings is to decide the best approach for management of the patient. Only about 5% of people with thyroid swelling are diagnosed to have malignant nodules [3] . In India, thyroid carcinoma was found to account for 2% of all male carcinoma and about 5-6% of carcinomas in women [4] . Accurate screening and diagnostic tools are needed to correctly diagnose these patients with malignancy. The importance of finding the best suited investigatory methods lies in the fact that not all patients with thyroid swelling require surgery. Among the patients that do require surgery, the results of the investigations play a large role in the determining the extent of thyroid removal surgery. Hence, these tests play a large role in deciding the management plan for the patient [2, 5] .
Fine needle aspiration cytology (FNAC) is a useful tool to detect the pathology of the thyroid gland as it is a simple, quick, and affordable procedure that can be done in the outpatient setting. Today, FNAC has become a standard compulsory procedure before any thyroid surgery. The main utility of FNAC is in its ability to distinguish between benign and malignant lesions, as well as classify the swelling in terms of its etiology [2] . FNAC is found to be a highly specific test, but it may not be the most sensitive test as it has a large number of false negatives. A larger number of false negatives can mean that clinicians may miss out on potentially malignant cases leading to higher rates of mortality due to thyroid malignancies. Furthermore, patients who are found to have a false positive result will have unnecessarily undergone extensive surgical procedures associated with an increased risk of complications. Although FNAC is a useful source of identifying the pathology related to a thyroid swelling, on several occasions it may report results which may be indeterminate or suspicious [6, 7] . Shortcomings of FNAC can be frequently noticed in its inability to differentiate follicular lesions into benign and malignant pathology [2, 6] . It is found that Hashimoto thyroiditis is one of the most commonly misdiagnosed swelling in the thyroid, and follicular and hurthle cell adenomas are wrongly classified as papillary carcinomas on numerous occasions [6, 8, 9] . False negative or indeterminate diagnosis can result in incomplete surgery requiring a repeat surgery at a later date. During such occasions, many surgeons use intra-operative frozen section to confirm the FNA diagnosis and to guide the surgeon regarding the extent of thyroid surgery required [2, 10] .
Traditionally, intraoperative frozen sections (FS) were used in clinically suspicious thyroid nodules after an ipsilateral lobectomy to determine the extent of thyroid resection required for the patient. With the advent of FNAC, the use of frozen section is declining; however, its use is still controversial. A frozen section can aid in the differentiation of benign and malignant swellings in situations where FNAC results were found to be inconclusive, hence enabling the surgeon to decide whether to follow through with a complete thyroidectomy or not [10] . This can benefit the patient as it reduces the need for a follow-up surgery if diagnosed as malignant [9, 11] . Though it is a valuable tool in the diagnosis of the thyroid lesion and determining the extent of thyroid surgery, still in certain cases diagnosis can be incorrect or inconclusive, so histopathology of the excised specimen remains the most reliable test.
Histopathology can undoubtedly identify basic tumor features required for staging of thyroid carcinoma. It also gives valuable information regarding the status of the resected lymph node status and can provide definitive proof regarding the type of tumors affecting the gland [11, 12] .
The purpose of this study will be to compare the result attained by FNAC and frozen section of the thyroid to the final histopathological diagnosis, in order to establish their role in thyroid surgery today.
Aim of this Study
To study the accuracy of fine needle aspiration cytology and frozen section of thyroid swellings by comparing these reports with the final histopathology findings and to determine the role of using both of these methods as investigatory tools in patient management.
Methodology
Type of study Retrospective study. Study site The study was conducted in a tertiary hospital of coastal karnataka, with hospital records from the Department of ENT. Duration of study The study was conducted from March to May 2016.
Inclusion criteria:
1. Patients with thyroid swelling who had undergone FNAC, frozen section and a final histopathological examination as a diagnostic procedure. 
Process
The patients who presented to the hospital with a mid-line neck swelling were evaluated with a detailed history and clinical examinations to localize the swelling to the thyroid, which was documented in the patient files.
Investigations done prior to surgery were thyroid function test (TFT), baseline blood investigations, neck ultrasonography and fine needle aspiration cytology.
Frozen section was done intraoperatively, followed by final histopathology of the thyroid gland.
Histopathology results were taken as gold standard.
Data Collection
Data were collected between March to May 2016. Approval was granted by the Institutional Ethical Committee prior to the start of the data collection. The outpatient records were collected from the Medical Records Department, Kasturba Hospital. Data was collected from all existing records from 2004 to June 2016. The data was collected as per the pre-approved proforma. No personal identification details were collected from patient records. There was no interaction between the patients during record collection.
The following data was collected:
• Demographic details Age, gender, occupation.
• History of presenting illness, past history, examination of thyroid, diagnosis after examination.
• Investigation Blood hemoglobin, PCV, WBC, calcium levels, thyroid function test (T3, T4, TSH).
• Reports of FNAC, frozen section, and histopathology.
• Surgery performed on the patient.
FNAC were classified into 4 categories: [2] • Benign.
• Malignant.
• Inadequate.
• Indeterminate.
Frozen section was classified into 3 categories: [11] • Benign.
The final histopathology samples were classified into 3 categories
• Benign.
• Benign lesion with micrometastatic areas.
Statistical Analysis
SPSS Version 16.0 was used to calculate all of the statistical parameters.
The measures being assessed are: 
Outcome Measures
The outcome was measured by comparing the results of the FNAC and intraoperative frozen section with final histopathological findings. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were calculated for FNAC and frozen section. The results of the FNAC and frozen section were also compared to determine the reason behind the discrepancy or incorrect results. In addition, FNAC and frozen section were compared on their basis to differentiate follicular nodule into benign and malignant.
Observations and Results

Demographic Details
There was a female preponderance of the disease i.e. 78.5% of the patients with a thyroid nodule were women. About a quarter of the patients were male patients. Majority of the women were housewives. The mean age overall was found to be 43 years with the majority of patients presenting in their 5th decade of life. Among the male patients, the average age of the patients was 43.3. Out of a total of 30 male patients, half were found to have benign swellings, and the other half of the patients had malignant swellings (Table 1) .
In comparison with the female patients, 32.7% of the swellings were malignant i.e, 41 out of 130 patients. Remaining swellings were benign and 5 were found to have micropapillary carcinoma in the background of a benign nodule.
The malignancy rates in the overall sample population were 36.4%. On the whole, the distribution of benign and malignant lesions among the population collected is represented in the Fig. 1 . The most common benign pathology was colloid goiter and the most common malignant was papillary carcinoma of the thyroid.
Among the patients with papillary carcinoma, 4 of them had a follicular variant of papillary carcinoma of the thyroid.
Out of the sample size of 140, 67 cases were identified as benign on FNAC, 41 were malignant, 27 cases were inadequate for opinion, and 5 had indeterminate results.
On frozen section, of the of the total sample size of 140, 90 patients were diagnosed as benign, and 44 were diagnosed as malignant. The remaining 6 cases were indeterminate on frozen section.
The sensitivity, specificity, PPR, NPR was calculated according to the formulae described above in the methodology (Table 2) . Figure 2 shows all of the benign cases confirmed on final histopathology reports.
On retrospective evaluation, the results of FNAC and frozen section were compared. A total of 47 benign cases detected by FNAC, 43 were diagnosed as benign by frozen section as well. 13 cases were incorrectly diagnosed as malignant on FNAC. Nine of these were detected as benign on FS and subsequently declared benign on histopathology. Similarly, on retrospective analysis of histopathologically confirmed benign swellings, on FNAC, 20 cases were declared inadequate on FNAC. 13 of these cases were picked up as benign on frozen section, 5 were reported as malignant and 2 cases were indeterminate on frozen section.
Similarly, Fig. 3 shows all of the cases which were confirmed as malignant cases. 16 of the patients were diagnosed as having benign lesions on FNAC, of which 6 were diagnosed as malignant on frozen section subsequently. Four of 26 histologically confirmed malignant cases were incorrectly diagnosed as benign on FNAC. Six histologically confirmed malignant cases were reported as inadequate for an opinion on FNAC, of which frozen section was able to catch four cases as malignant; however, two were undetected on both FNAC and frozen section.
Most frequently incorrect diagnosis was seen with follicular lesions. Out of 11 cases of follicular adenoma, FNAC was able to detect only 6 of them as benign lesions. Of the six cases of malignancy on histopathology, only one was picked up as malignant follicular neoplasm on FNAC. Interestingly, two cases of papillary carcinoma were detected on FNAC but were later proved to be follicular carcinoma on histopathological examination.
On the contrary, frozen section was able to detect seven cases of benign follicular lesions among the 11 cases of histopathologically confirmed benign cases. Among the six malignant nodules, frozen section picked up on three of them, with one case reported as indeterminate between follicular carcinoma or follicular nodule, and the final decision was deferred to the histopathological diagnosis.
There were only two cases where both FNAC and frozen section findings correlated for follicular lesions with the final histopathological report.
Discussion
According to Menon et al thyroid swellings are very common in India, and can be detected as palpable masses in as much as 12% of the population [1] . As stated above, we found that thyroid nodules have a greater preponderance in females, however, the incidence of carcinoma in females are found to be less frequent than in the male population. This can be substantiated by various studies, where the male to female ratio was 1:5 with thyroid swellings [11, 14, 15] . Male patients were found to have malignancy rates ranging from 19 to 26% [11, 13, 15] . In this study, we found that frozen section was slightly more sensitive than FNAC, but substantially more specific in detecting malignancy in the thyroid gland. The results from the frozen section can help the surgeon avoid unnecessary resection of the thyroid gland, as it can rule out malignancy more accurately than FNAC. However, even though FNAC has its limitations, i.e. the results heavily depend on how the sample has been taken, experience of the clinician taking the FNAC, taking multiple aspirations, and performing the procedure under ultrasonographic guidance can substantially improve capability of the clinician to get an aspirate of the best quality to get a diagnosis. The results also depend on the ability of the pathologist to detect malignancy of the swelling based on the aspirate collected [2, 6] . Nevertheless, as the sensitivity of FNAC and frozen section are similar, FNAC proves to be a more significant tool in screening for malignancy of the thyroid gland [7, 11, 14, 17] . In more recent studies, it has been found that the specificity of FS is lower than expected when the lesions are classified according to the current Bethesda Classification of thyroid nodules [16, 18] .
Among the 5 cases which were incorrectly diagnosed as malignant on frozen section, 3 were found to be follicular lesions, in which malignancy can be accurately predicted based on capsular or vascular invasion. One of the cases among these was found to have colloid lesion with papillary hyperplasia which may have been the reason behind the incorrect diagnosis. Five patients with inconclusive results on FNAC were followed up with frozen section; four out of five were confirmed as malignant on frozen section and histopathology. These 4 cases were treated with total thyroidectomy. The remaining one was detected as benign on both FNAC and frozen section but was a rare tumor of the thyroid which was a hyalinizing trabecular tumor.
Another unexpected finding was that ten cases were diagnosed as benign, on both FNAC and frozen section but were found malignant on final histopathology. On retrospective analysis of the reason as to why there was such a discrepancy, it was found that three of the cases were minimally invasive follicular carcinomas, one was found to be a micropapillary carcinoma in colloid goiter. These findings highlight a fallacy in both tests i.e. both FNAC and FS only get a sample of the thyroid gland from one particular area to evaluate. If the pathology in question is not seen in these areas, there can be an incorrect diagnosis. There was one case of papillary carcinoma of a follicular variant which was undetected both on FNAC and frozen section, later diagnosed on histopathology. Papillary carcinoma was unexpectedly unnoticed in 3 cases by both FNAC and frozen section. As both investigations were reported as benign, most of these patients were treated with hemithyroidectomy necessitating a need for repeat surgery due to malignant pathology found on histopathology. The diagnoses of follicular lesions can be challenging. According to previous literature, the follicular lesions can only be distinguished as benign or malignant based on the invasion of the capsule. Such findings, especially in minimally invasive follicular carcinoma, are only clearly picked up on histopathological diagnosis [16] . However, as a part of routine investigations, FNAC can be attempted to identify cases of the Follicular lesion which can further be managed based on histopathology findings [18] .
Neither FNAC nor frozen section was proficient enough to detect follicular carcinoma correctly. FNAC could only pick up on one case of malignancy, and frozen section picked up three out of six total cases. Two of the remaining cases were incorrectly diagnosed as benign colloid goiter and in one case the decision was deferred to the final histopathological diagnosis. frozen section could detect malignancy in more cases and be more accurate in detecting the correct type of malignant lesion than FNAC. In the cases that FNAC did correctly diagnose as benign, the reports would be in the favor of colloid or adenomatous nodules by the majority.
Conclusion
Our study concludes that fine needle aspiration cytology is a good screening tool to detect malignancy in thyroid carcinoma, as it is sensitive enough to differentiate between the most common benign and malignant swelling. frozen section, as an intraoperative procedure, can be avoided as it may be cumbersome and prolong the duration of the surgery if the FNAC reports are conclusive. However, when FNAC shows an inconclusive result, frozen section can be a valid investigation to find out the pathology and plan the patient management accordingly.
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